Abstract-Stand visualization is an important means of realistic simulation of stand structure, prediction for future stand growth status and manual operation. For long-term dynamic visual expression of stand, it is required to take advantage of physiological and ecological model and build the whole stand growth model. There is growing worldwide interest in the use of 3-PG model. This study took fir plantation as the research object, and used the 3-PG model to predict future stand characteristics. The simulation system was based on C# language, .NET frame and DIRECTX 9.0, achieving a two-dimensional and three-dimensional visual simulation of stand growth. The results showed: 3-PG model can effectively predict fir stand growth effectively, and visual simulation technology can make stand growth more intuitive and efficient expression in order to provide a visual decision platform to improve forest management.
I. INTRODUCTION
The visual simulation of stand is based on the stand growth model and computer graphics-based approach. Forest information can be more intuitive, more detailed manifested through the computer. It can present true performance of real structural characteristics and growth conditions, providing an intuitive and accurate criterion for the forest management decision-making [1] . The perfect growth models have a great significance to predict changes of the forest and build stand structure and growth visualization system. Thus, the use of a reasonable and perfect model can accurately predict the true trend of forest dynamic. The realistic forest dynamic simulation plays a more intuitive and accurate guidance on forest management [2] . Traditional stand growth visualization set a fixed growth rate. The major strength of this empirical approach is in describing the best relationship between the measured data and the growth-determining variables using a specified mathematical function or curve. It may be an appropriate method for predicting short-term yield for time scales over which historical growth conditions are not expected to change significantly.Now more and more growth models are to reflect the relationship between the environment, structure and forest growth. Researchers are to extend the model to more closely represent biophysical processes and adapting the model so that it is more relevant to management questions.
There is a growing worldwide interest in the use of 3-PG model. Previously, the 3PG model has been successfully parameterized and tested across the globe in predicting forest productivity in Eucalyptus globulus and E. grandis. The 3PG model requires few input parameters and readily available soils and climate data to model the annual (and monthly) growth and stand development of forest stands [3] . We can parameterize the 3PG model for a specific tree species or a hybrid. Therefore, this use will entail its adaptation to an increasing range of species. Now, predicting stand biomass with 3PG has been done for Chinese Fir due to the handling of the problems with the assignment of species-specific parameters. M.C. Guo applied 3PG to estimate the stand growth of Chinese fir plantations at the experimental plots of subtropical forest experimental center, and proved the model was with high accuracy and reliability to act as an useful tool for the management of Chinese fir plantation. [4] 3PG growth predictions for Chinese Fir could be of great advantage to researchers, landowners and forest managers, and help make effective management decision support tool of forest dynamics simulation as well as management for fir stand resources. However, the 3PG model is seldom applied in the forest visualization system. To resolve this issue and provide a good visualization for the growth and yield prediction of the stands in varying growing conditions, the objective of this paper is to present a new approach for handling the stand growth simulation with the applying of 3PG model to the simulation system, leading to a more realistic simulation of the stand growth dynamics.
II. STUDY AREA
This study area is located in Huangfengqiao, the state-owned forest farms in You County, Hunan Province, about 115-1270 m above sea level, characterized by the humid subtropical monsoon climate with abundant light and heat resources (lat. 27.04 '-27.06'N, long. 130 °04 'to 113 °43'E) [5] . This study was carried out in fixed sample in pure Fir artificial stands, collecting the 2008 survey data and Hunan Youxian Station 2008 meteorological data; Model validation data were taken from the each wooden survey data for this plot in 2013.
III. RESEARCH METHODS

A. 3-PG models
3-PG is a simple, process-based, stand-level model of forest growth developed by Landsberg and Waring. It requires only readily available site, climatic data and genetic characteristics of trees as inputs and predicts the time-course of stand development on a monthly basis in a form familiar to the forest manager. It uses a series of models to simulate the carbon balance, water balance, and solar radiation changes, International Conference on Artificial Intelligence and Industrial Engineering (AIIE 2015) and then simulate the dynamic growth stands. Due to the small amount of input parameters of the model and easy to get, it has been applied to different species of forestry research in many countries and regions. Almeida used 3-PG model as a management decision support tool of a large area of fast-growing Eucalyptus stands in Brazil. The 3-PG model parameters were calibrated to predict the existing production as well as new estimated production capacity [6] . Coops developed simulation software 3-PGS to support remote sensing data, using remote sensing satellite images as input information, which you can get a large area stands climate, forest leaf area index data, which greatly enhanced the 3-PG to predict large-scale forest dynamic [7] . 3-PG, effective management decision support tool of forest dynamics simulation development as well as management of forestry resources, is with high flexibility, adaptability, accuracy and a high value.
B. Visual Simulation Technology
Stand visualization system is based on Visual Studio 2008 platform, using the C# language and Direct 3D technology, and it applies 3-PG model to explain the forest growth. , providing these main functions of matrix transformation, three-dimensional image rendering and realization display. Upon completion of the coordinate transformation, lighting, and texture mapping, Direct3D then draws configuration values in the color buffer, and finally the color buffer contents can be displayed on the screen through a graphical refresh. The realization of three-dimensional display in this system is by means of Direct3D graphics manipulation techniques.
2) The visual simulation system: The system uses four-tier structure, namely the system layer, development layer, application layer and the presentation layer. System layer, including the development of the necessary hardware and operating system conditions; development layer offer environment and tools to support system development, responsible for the development of fir shape model and program development; The application layer is for user actions and system operations, providing the results to the presentation layer through a series of calculations according to the various types of models and parameter settings; presentation layer is the user interface, providing an interface for human-computer interaction, responsible for displaying data and receiving data entered by the user.
IV. RESULTS AND ANALYSIS
A. Data Input
The growth simulation parameters input include: meteorological data, stand data and time data. Meteorological data was on a monthly step length, and it mainly included monthly solar radiation, rainfall, water vapor pressure, maximum temperature, minimum temperature, whether extreme weather and the number of days. Table 1 
B. The Simulation Results
With 3PG model and the existing model parameters, the forest growth forecast can be achieved. Using the attribute information of per tree (location, diameter, height, crown width), calculating tree competition, then each tree growth and the amount allocated to per tree were obtained according to their competition. And stand growth visual can be achieved. Finally, compare, analyze every tree growth forecast and actual growth, and evaluate predictive modeling results. The output results were per tree diameter, height growth. Figure 3 is the regression analysis results of 2013 per plant simulated DBH, height and measured values. As can be seen, DBH, tree height simulated and observed values showed a highly significant linear correlation (P <0.001). Analog values can explain more than 80% of the corresponding change in the observed values, indicating that the model is valid for the expression of fir stands physiological growth. In this study, through the application of the survey data as entry parameters for simulation system, computer technology to design and develop the visual simulation system for fir stand growth, the stand static and dynamic three-dimensional visual simulation is implemented. This study selects fir as the survey species, and applies 3PG model and the environmental factors to achieve its dynamic growth. As can be seen, 3PG model can be well to predict the growth of fir forest, and then get a more realistic expression tree growth, providing reliable support platform for forest resource managers. As for the model parameters are a lot, complex to get, and often obtained from other studies, so the 3PG model used in stand visualization system is limited to a certain extent. The relatively simple data requirements by reducing model parameters without the impact to physiological processes and growth forecast accuracy are crucial to the development of eco-physiological model and the efficiency of visualization System.
